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subgroups  which  considered  the  areas  of  Energetic  Particles,  Plasma, 
and  Neutral  Atmosphere.  Subsequent  sections  of  this  report  deal  with 
the  requirements  of  users,  the  current  status  of  models  and  predictive 
techniques,  and  future  areas  for  research  in  each  of  these  categories. 
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i.  in  r*»t ii »u» ■  rii »n 


Our  working  group  limited  it**  scope  to  those  ;ir«,:is  are  influenced  l»y  v»|ni— 

terrestrial  coupling  effects  ami  are  internal  In  the  earth's  magnetosphere.  We  did  not 
consider,  for  instanee,  high  altitmlo  aiivral’t  in  the  polar  regions  (ex;»osbd  to  solar 
protons  at  times  of  large  flares)  or  missions  to  the  umou  or  other  planets,  although 
they,  too,  are  exposed  to-  significant  fluxes  of  energetic  solar  protons  following  proton 
flares.  However,  faetors  considered  within  the  limited  seope  do  have  other  applications 
and  may  address  the  above  areas,  altluaigh  indirectly,  't  hroe  >u! groups  were  established 
which  considered  the  areas  of  Energetic  Particles,  Plasma,  ami  Neutral  Atmosphere. 
Subsequent  sections  of  this  report  deal  with  tin'  requirements  of  users,  tlic  current 
status  of  models  and  predictive  techniques,  mid  future  areas  fur  research  in  each  of 
these  categories,  before  we  go  into  the  detailed  discussions  however,  we  slial!  briefly 
discuss  the  types  of  users  to  Ik*  considered  and  the  tyj*es  of  phenomena  involved. 


1.1  Users 

User>  of  predictive  techniques  can  lv  elassifiiil  hy  tin;  immediacy  of  tlteir 
requirements.  Operational  (irograms,  i.e.,  tltose  which  nre  currently  engaged  ill  a 
mission  with  spacecraft  (manned  or  unmanned)  already  in  orbit,  have  till*  highest 
requirement  for  accurate  short  and  medium  ruttgc  predictions  (24  hrs  -  1  yr).  Maimed 
operations  require  real-time  monitoring  of  solar  parameters  to  dent  with  tlic  j>ossible 
threat  of  solar  proton  flares  and  magnetic  field  parameters  to  predict  large  scute 
energetic  electron  acceleration  by  major  magnetic  storms.  In  tlic  event  of  a  flare, 
predictive  techniques  must  be  available  which,  with  high  confidence,  cun  detail  the 
evolution  of  particle  distributions  at  the  sfNitvcrnft  for  mimdes  to  Imurs  and  (icrhups 
days  ahead.  If  large  space  structures  at  synchronous  altitude  are  serviced  hy  men,  the 
predictive  techniques  would  have  to  extend  to  the  cvolutioii  of  the  energetic  particle 
population  in  the  outer  magnetosphere  during  and  following  magnetic  storms.  Other 
manned  missions  have  similar  requirciuents  for  other  parameters,  Attotlier  class  of 
missions  which  require  real-time  monitoring  mid  short  tunc  predictive  techniques  is 
tiutt  which  includes  very  low  attitude  satellite  orbits  in  which  the  atmospheric  heating 
response  to  solar  events  produces  significant  increases  in  drag.  For  virtually  every 
parameter  under  consideration,  a  mission  can  be  envisioned  which  would  require  real- 
time  or  near-real-time  monitoring  of  the  parameter  and  accurate  predictive  techniques 
describing  tlic  temporal  and/or  spatial  evolution  of  tlmt  parameter. 

Presently,  the  operations  people  have  limited  predictive  capability.  Indeed  they 
are  forced  to  operate  most  often  in  the  reaction  mode  and  answer  such  questions 
as:  a)  How  lung  will  a  proton  or  plasma  event  last?  b)  IVImt  is  the  intensity  of  the 
event?  e)  What  effects  will  the  event  I  lave  on  u  particular  system? 


‘I'lii*  si'i'tmd  class  >d  usith  i<  Hint  v.hieit  -m-s  /dm  *< ‘imnIcI*;  *»r 

prediction'  •»!“  i  longer  diiiMtina.  Kp;«-.v<vdl  hardware  «!** *i|*i»«r.s  nr«-  an 
example.  After  a  ini^i> mi  has  been  defm»**l,  i.»\,  *>ri»»t.  launch  ilah*  mid  flight  duration 
are  UuOtVi,  engineers  -  tin*  tools  to  design  a  ■.vstnii  which  will  Mir  vivo  umi  .operate 

in  the  environment.  \u  approach  w!ii«*1»  ins  either  a  worst  ease  spadlicMtion  or  an. 
av**rage-vxpcoled-euviron:iie.it-with-safety -laol«*r  model  is  usually  sati  daetory.  In  this 
iliiUiU’Ci  the  require  Kent  is  not  really  lor  n  predictive  technique  hut  rattier  an 
understanding  of  the  upper  aiu!  lower  limits  which  a  parameter  may  he  expected  to 
assume.  .'nagnetosphorie  radiation  belt  nuxleling  is  an  example  of  this  approach. 

A  third  category  of  user  is  tlu*  mission  planner.  lie  requires  ImiIIi  a  mwlcliug. 
capability  and  media  a  to  Uni!',  range  predictions  of  solar  effects.  Ilis  selection  of  orbit 
and  mi>sioii  duration  arc  governed  to  some  extent  *»v  the  typical  environment  wltieh 
.nay  *hj  encountered,  provided  he  knows  sufficiently  well  what  Hint  environment  might 
Ik*.  His  selection  of  Iminch  *latc  (and  tvrhaps  mission  duration)  will  ilcpcnd  upon  liis 
ability  to  predict  the  specific  environment  to  Ik*  encountered  at  tin;  time  of  launch. 
Manned  missions,  for  instance, .might  not  be  launched  at  a  time  when  a  co-rotating  solar 
proton  source  region  was  active  on  tlu*  suu  if  tin*  mission  used  niftier  a  terrestrial  jxilar 
orbit  or  one  suing  beyond  the  magnetosphere. 


1.2  i'lieiumictiu 


Here  we  can  discuss  only  tliose  ;4ienoim*i»a  which  wc  now  licHevc  to  have 
deleterious  effects  ujioii  spacecraft.  Heir  miss  urns,  and  their  occupants.  From  time  to 
time  new  areas  of  concern  are  identified,  ei  titer  Invaiwc  the  tyj»e  of  mission  or  orbit  is 
new  or  a  new  technology  is  used  which  is  susceptible  to  distmlmncc  by  a  parameter 
wlueh  was  previously  thought  to  Ik*  oiltier  inconsequential  or  lieiiigu.  The  latest 
example  is  the  'soft  failure*  of  logic  elements  in  mieroiiiiiiiaturixtnl  electronics.  litis 
wilt  be  discussed  below. 


1.2.1  Hose. 

Ily  Muse*  we  refer  to  all  phenomena  in  which  it  is  tlie  cumulative  effect  of 
ioiiixatiou  within  an  clement  (liumaii  celt,  semiconductor  junction)  which  causes 
damage.  A  related  effect  is  tlie  accumulation  of  free  charge  within  insulators  (i.e., 
cable  dielectrics)  and  subsequent  arcing  which  produces  transients  within  the  spacecraft 
electronics.  Tin*  period  of  accumulation  may  Ik*  very  long,  as  in  communications 
satellites  which  have  a  planned  life  expectancy  of  seven  to  ten  years,  or  very  short,  as 
hi  ttk*  ease  of  an  astronaut  on  an  KVA  (Kxlra- Vehicular  Activity)  at  a  time  when  tlie 
natural  environment  might  subject  him  to  a  skin  dose  rate  of  several  hundred  to  a 
tltousainl  rents  per  hour.  The  specific  case  of  dose  considerations  in  manned  missions  is 
addressed  in  a  short  contribution  by  Atwell  (1979),  StussiiiojKHilos  (1979)  and  briefly  by 
Johnson  el  al.  (1979)  in  these  proceedings.  tVe  slKmld  point  out  tluit  greater  accuracy  is 
required  for  calculations  of  dose  for  manned  missions  than  for  unmanned,  since  there  is 
less  variation  in  dose  tolerance  and  the  consequences  are  more  critical  in  man  titan  in 
components. 

1.2.2  (Tliarging. 

In  tlie  presence  of  a  'Ik*!*  pittsma,  a  spacecraft  am  charge  to  significant  negative 
potentials  due  to  the  much  greater  mobility  of  the  electrons  llum  the  ionic  constituent 
of  tlie  plasma.  The  resulting  charge  on  tlie  sjuieecruft  can  lend  to  a  number  of 
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deleterious  effects,  some  of  them  potentially  lethal  to  the  hardware.  The  negative 
potential  may  enhance  the  accumulation  of  contaminants  by  spacecraft  surfaces 
through  the  mechanism  of  outgussing,  photoionization  of  the  outgassed  molecule, «and* 
re-nttrnction  by  the  potential  on  the  spacecraft.  Thermal  control  surfaces,  especially 
second-surface  mirrors,  optical  devices  am)  certain  sensors  arc  particularly  vulnerable 
to  this  type  of  degradation.  If  the  spacecraft  is  in  sunlight,  photocmission  of  electrons 
from  the  sunlit  portions  of  the  vehicle  may  neutralize  the  charge  build-up  due  to  the 
plasma.  The  self-shadowed  portions  of  "the  vehicle,  unless  they  arc  electrically 
conducting  and  connected  to  n  sunlit  conductor,  will  remain  at  high  uegntive potential. 
The  potential  difference  between  these  differentially  charged  surfaces  may  result  -in-  an 
iire  which  could  interfere  with  the  operation  of  the  vehicle  or  even  destroy  a  critical 
component'.  A’nliVA  at  synchronous  orbit  could  result  in  some  rather -spectacular  (mid 
perhaps  tragic)  events  if  this  phenomenon  is  apt  considered,  in.  the  design  -of  the 
spacesuit  and  the  KVA  itself.  Perhaps  real-time  monitoring  of  electron  pitch-angle 
distributions  (see  linker  et  al.,  19710  will  Ihj  required. to  predict  the  onset  of  subs  tor  ii  is 
(and  their  inject  ion/:. ceelerat  ion  of  hot  plasma  into  the  region  of  the  large  space 
structure  being  serviced)  if  ilu?  synchronous  orbit  liecoincs  populated  by  structures 
serviced  by  man.  The  charging  phenomenon  is  not  now  well  understood,  but  the 
SC*  ATM  A  (Spacecraft  Charging  at  High  Altitude)  program,  with  the  qiinsi-synchrohoiis 
spacecraft  1*78-2,  is  now  investigating  the  problem  both  in  the  lab  and  in  space  and  will 
perhaps  eventually  provide  both  an  understanding  of  the  phenomenon  mu!' quantitative 
models  for  predictive  purposes. 

1.2.3  Neutral  Atmosphere 


\ii  important  use  of  models  of  the  neutral  atmosphere  alxivc  Hill  km  has  been  in 
the  general  area  of  prediction  of  satellite  orbit  evolution.  The  apcoaiiug  demise  of 
Skvlab  has  focussed  public  attention  on  tnrth  the  importance  mid  limitation  nr  our 
ability  to  pre.liel  satellite  drag.  The  economic  cost  >»f  iiiuectiral*-  oi-tiit  decay 
predictions  can  be  substaiitial.  Other  important  uses  of  tin*  models  can  l«*  found  in  such 
areas  as  the  planning  of  scientific  missions;  the  interpretation,  reduction,  and  analysis 
of  experimental  results;  and  the  development  of  models  relating  IIh-  neutral  upper 
atmosphere  to  the  ionosphere  and  magnetosphere. 

The  MSIS  •nodel  t'lediu  et  al.,  1977a,  1977b)  and  the  most  recent  Jacchin  model 
(Jiuvhint  1977)  are  lx)th  capable  of  representing  the  density  and  eouqjosilion  of  the 
thermosphere  and  exosphere  with  an  accuracy  approaching  Hint  of  the  available* 
observational  uata,  al  least  for  time-scales  of  a  day  or  more.  Of  those  two  models,  the 
Jacobin  model  represents  the  geomagnetic  variation  more  acotiralolv,  wtiilc  the  MSIS 
model  represents  the  diurnal  variations  more  aeeiirately  in  the  lower  thermosphere. 
Moth  models  can  be  improved  in  these  two  areas  and  work  is  in  progress  to  accomplish 
this.  The  t*IUA  197?  model  (COSTA II,  1972)  continues  to  Ik1  useful  in  providing 
estimates  of  total  atmospheric  density  for  heights  above  :*i)t)  km.  However,  t!iis  and 
other  oliler  models  do  not  correctly  represent  the  strong  deijcndoneo  of  the  geomag¬ 
netic  variations  on  geomagnetic  latitude. 

Current  neutral  atmosphere  models  reflect  the  available  measurements  very  well 
ami  use  the  -  and  A  or  indices  to  indicate  the  amount  of  energy  input  into  the 
thermosphere.  If  preseiil  neutral  density  models  are  to  be  used  in  making  predictions, 
therefore,  there  must  exist  a  significant  ability  to  predict  these  indices.  Th«*r-.-  is  only 
very  limited  current  capability  in  predicting  these  indices  ami  we  Ihv  not  seen  iiitudt 
promise  for  greatly  improved  prediction  ability  in  the  near  future. 


It  Is  clour  that  oven  with  improved  capability  to  predict  A  and  F.q  ^.substantial 
model  improvement  must  depend  on  utilization  of  parumeterR  which  indre  directly 
measure  tlic  thermospheric  energy  sources.  If  models  which  use  these  improved 
parameters  are  to  be  developed  it  is  essential  to  ensure  that  future  satellite  missions 
simultaneously  measure  the  energy  inputs  and  llte  ensiling  atmospheric  response. 

1 .2.4  Soft  Failures 

The  increasing  use  of  very  high  density  micrologic  in  spacecraft  systems  has 
introduced  a  new  concern  of  solar  influences;  A  relatively  low  energy  (  *  2 
MeY /nucleon)  high-7.  (Fc,  for  instance)  cosmic  ray  luis  sufficient  specific  ionization  rate 
tliul  the  energy  deposited  in  a  microjunetion  can  cause  a  change  of  stntc  of  tlic  device 
(a  ’hit-flip*).  In  some  eases,  tin?  result  may  lie  a  Match-up*  which  destroys  tlic  device, 
but  usually  the  only  result  is  a  bit  error  in  the  spacecraft  logic.  The  error  may  be 
unnoticcnblc  in  the  data  or  may  result  in  loss  of  u  s|>ncecraft  function.  Typical  results 
for  so:nc  tested  devices  range  from  no  susceptibility  to  one  bit  flip  per  bit  per  10  days 
(equivalent  to  4  bit-errors  per  hour  for  u  megabit  memory).  This  phenomenon  is 
discussed  by  Sivo  ct  at.  (1979)  and  test  results  arc  presented  by  Kolasinski  ct  nl.  (1979). 
A  prediction  capability  for  solar  flares  riel*  in  high-/,  nuclei  should  be  <lcvclopcd  to  cope 
with  this  effect. 

1.2.5  Haekground/Interfcrcnce 

These  effects  are  due  to  the  same  type  of  interaction  discussed  under  Dose  and 
Charging,  but  are  distinguished  from  them  in  that  they  result  in  no  iM:rin:ment  damage 
to  a  system.  They  merely  degrade  data  or  make  a  spacecraft  subsystem  temporarily 
inoperable.  These  subsystems  usually  include  a  sensitive  detector  of  otic  sort  or 
another.  The  famous  star-sensor  that  lost  lock  on  Canopus  every  time  nu  energetic 
proton  mimicked  the  light  output  from  the  star  is  a  good  example.  Another  is  tlic  X-ray 
telescope  that  was  swamped  by  background  counts  each  time  it  went  through  tlic  South 
Atlantic  Anomaly.  Usually,  sensors  are  designed  to  work  in  spite  of  these  background 
effects:  however,  the  environment  ami  variations  in  it  must  be  accurately  predicted  in 
order  to  do  the  necessary  design. 


2.  USF.IJ  REQUIREMENTS  OF  SOLAR-TERRESTRIAL  PREDICTIONS 
FOR  SPACECRAFT  APPLICATIONS:  EN KROKTIC  PA UT1CLES 


Prepared  bv  tlic  Energetic  Particles  Sultgroup:  A.  L.  Vampola,  Cliair  nan,  W.  Atwell,  It. 
C.  Hackstrom,  It.  G.  Johnson,  IS.  11.  Pcrcyaslova,  1).  Robbins,  J.  Srogn,  E. 
Slassinnpoulos,  and  M.  Teage 


In  this  section  we  consider  all  particles  which  produce  deleterious  effects  Ucough 
energy  deposition.  In  gene  ml,  electrons  below  50  keV  and  irolous  below  100  keV  arc 
not  in  this  category.  However,  for  certain  npplicatioas,  tliesc  energies  are  sufficient  to 
cans.*  direct  da  mag-:  in  those  instances,  we  include  them  in  our  discussion  of  predictive 
techniques.  Modeling  is  considered  one  form  of  prediction  iiikI  will  be  treated  as  such. 

We  shall  subdivide  the  energetic  particle  discussion  into  categories  based  on  two 
distinct  parameters:  Physical  location  am!  particle  cnergy/type.  The  requirements  for 
predictive  techniques  mid  the  state  of  t!ie  url  differ  markedly  for  the  inner  magneto¬ 
sphere,  the  outer  ni.i-nelosphcrc,  low  |H»lar  orbit,  interplanetary  trajectories,  and 
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planetary  encounters.  Low  polar  orbit  ami  interplanetary  trajectories  share  a  common 
concern  for  solar  proton  flux  predictions.  l\e  will  not  address  planetary  encounters. 
Musically,  particles  will,  he  divided  up  into  electrons  am!  protons  (and  other  ions); 
energies  will  be  low  (up  to  f.UO  koV  for  electrons  and  :»  M«  V  for  protons),  medium  (to  ‘i 
McV  for  electrons  and  r>0  MeV  for  protons)  am!  high  (everythin,:  almve  au-diu n).  We 
will  also  consider  particle  origin  and  transport  as  needed. 


2.1  MngnetO'.pherie  7. oik- 

2.1.1  Inner  Zone 

For  onr  purposes  we  shall  consider  the  inner  /one  to  l*e  all  attitudes  ami  latitudes 
helow  l.=2.  (1.  is  Mcllwain's  parameter  nn«l  in  a  <li|x>lc  field  corresponds  to  the  rudiul 
distance  from  the  center  of  the  earth  to  the  equatorial  crossing  of  a  given  field  line. 
Units  are  in  earth  radii.)  l‘he  effects  which  are  important  in  tliis  region  arc  dose 
effects  to  man  and  components,  background  effects  in  sensors,  mid  transient  upsets  in 
logic  due  to  high-/,  events  ns  discussed  in  the  introduction.  If  we  initially  limit  our 
discussion  to  low  inclination  orbits,  wc  don't  have  to  consider  solar  and  galactic  cosmic 
rays.  Presently,  there  is  no  knowledge  of  significant  fluxes  of  high-/  nuclei  with 
energies  in  the  MeV  per  nucleon  range  in  the  inner  zone.  For  jmlar  orbits,  wc  will  have 
to  consider  these  particles. 

The  prediction  of  particle  fluxes  in  the  inner  zone  is  in  excellent  shape  with  the 
radiation  models  issued  hv  the  National  Space  Science  Data  Tenter  (see  the  review  by 
Vette  ct  al..  The  modeling  of  energetic  protons  in  the  inner  zone  up  to  hundreds 

of  MeV  lias  progressed  to  the  point  that  the  prediction  is  probably  as  reliable  ns  any 
given  single  measurement  of  the  flux.  At  the  lower  altitudes  (  <  MUM)  km)  the  latest 
models  include  solar-cycle  effects.  The  prediction  of  dose  due  to  energetic  |>roton.s 
under  thick  shields  is  certainly  better  llum  a  factor  of  two  and  is  probably  within  the 
2a‘\.  range  for  reasonably  long  duration  missions.  The  low  energy  |»roton  population 
(.  MeV)  is  subject  to  significant  temporal  variations  bat  the  cumulative  effects  from 
this  portion  of  the  particle  environment  are  small  compared  to  those  front  the  higher 
energy  population.  To  summarize  the  state  of  predictive  capability  in  tl»c  inner  zone 
proton  population,  the  models  are  adequate  for  all  present  missions  und  may  be 
presumed  to  be  correct  unless  new  reliable  data  are  obtained  to  tlie  contrary.  The 
weakest  area  of  knowledge  is  the  regime  covering  tin*  energy  range  above  a  few 
hundred  MeV.  Spectra,  pitch-angle  distributions,  and  flux  intensities  could  Iks  used  in 
sensor  design  and  background  estimation  if  they  liccamc  available.  However,  we  know 
,»f  im  present  or  future  mission  for  which  such  information  would  provide  primury  design 
criteria. 

In  the  inner  zone,  the  electron  modeling  situation  is  also  excellent.  Fluxes  above 
1  MeV  are  sufficiently  low  at  all  times  that  for  most  purposes  they  can  be  ignored. 
Substantial  fluxes  of  lower  energy  electrons  are  subject  to  significant  variations  only  on 
time  periods  commensurate  with  the  solar  cycle.  At  times  of  very  large  magnetic 
storms,  a  small  fraction  of  the  energetic  outer  zone  flux  succeeds  in  diffusing  tlirough 
the  slot  region.  Electrons  with  energies  up  to  1.5  MeV  have  been  traced  in  to  as  far  as 
L=l.55.  But  the  contribution  of  these  particles  to  the  total  dose  in  inner-zone  orbits  is 
negligible.  They  can  constitute  a  significant  increase  in  background  for  some  sensor 
systems.  Prediction  of  such  events  would  be  useful  but  presently  is  not  essential.  Any 
predictive  technique  would  probably  require  as  inputs  a  knowledge  of  the  energetic 
electron  population  in  the  outer  zone  and  a  detailed  knowledge  of  the  behavior  of  the 
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earth's  magnetic  ftvUI  during  tin*  dnfu*»*«t  period  (*um*e  it  is  tfw*  magnetic  Imhavior  tluit 
is  driving  the  diffusion),  Tlie  outer  z»*ue  electron  involution  is  itself  .  response  to 
earlier  m.ignolte  field  behavior.  Predictive  techniques  which  are  required  to  prnvidcu 
knowlcdgeof  tin*  outer  /.one  electron  this  will  In*  discussed  later.  At  our  present  stale 
of  knowledge  of  interactions  between  the  solar  win.1  and  tlie  mugnetosplicre,  it  is 
unlikely  that  we  will  Ik*  able  to  predict,  in  the  lW.*>e.*ab«e  future,  gcofnfigiieUt;  activity 
with  sufficient  accuracy  to  enable  a  prediction  of  energetic  ch*clron  transport  into  the 
inner  /.one.  fHie  alnivc  statement  is  partially  l»nu*d  on  «nr  current  tank  of  a  detailed 
•Mi«kT>tandiu:;  of  loss  processes  in  11k*  slot  region.)  It  Simula  In;  pointed  out  Hull  natural 
sources  of  electron’*  with  energies  ulmvc  1  McV  would  supply  orders  of  magnitude  It*-’..: 

I |u\  in  the  inner  /.one  than  was  injected  by  the  Star Ji-*h  nuclear  event.  Spacecraft  and 
sensors  were  designed  to  Ik*  operable  in  the  remnant*,  of  that  injection  during  the  mid- 
Sixties  and  could  again  be  made  so. 

To  summarize  for  tlie  inner-zone  orbits:  Models  are  currently  wleqtiutc  uud 

constitute  all  of  tin*  predictive  techniques  currently  required.  A  lietter  understanding 

ol  particle  transport  through  the  slot  region  into  tin*  iiutcr  /.one  would,  in  special  casts, 

(m*  useful,  providing  that  the  outer  /.mu*  electron  {toptilntion  were  known  at  the*  same 

time.  This  indicates  a  need  for  either  a  sophisticated  prediction  seheiue  for  outer  /.one 

electron  acceleration  and  transport  or  a  real-time  monitoring  system.  The  utility  of 

tin*  data  for  inner-zone  purposes  «tm*s  not  warrant  tlie  expenditure  necessary  to  obtain 

it.  (There  are  strong  reasons  for  obtaining  tin*  data  for  outer  zone  missions;  henee,  the 

<!uta  mav  In*  available  essentiallv  ’free*.) 

*  • 

i.l.l!  l.on  Mtitude  Polar 

For  polar  orbits,  all  of  the  almve  coitsidenitioiis  afiply,  since  a  satellite  in  low 
[Hilar  orbit  sjieiuts  about  lil'V,  of  its  time  ill  the  inner  zone.  It  also  spends  uboul  25‘f.  of 
tin*  time  in  the  outer  zone  and  in  (tolar  regions.  This  could  In;  coiisi<k.*rcd  a 
'composite'  orbit  which  im*lmk*s  aspects  of  the  inner  zone,  the  outer  zone,  and 
interplanetary  missions.  The  additional  requirements  for  this  orbit  can  In:  obtained 
from  the  following  sections  which  address  tin*  outer  zone  and  interplanetary  missions. 

2.1.3  Outer  /.one 

The  situation  in  the  outer  zone  is  much  more  complex  llum  in  the  inner  zone.  The 
principal  reason  is  that  it  is  much  more  dyiuimie.  'Ha*  electron  cniii|toueiil  lias  a 
relatively  slmrl  residence  tune  in  the  magnetosphere  (ik  cay  times  of  tlio  order  of  u  few 
to  tens  of  days)  but  the  source  activity  lias  commensurate  time  perk*  Is.  Sources  may 
Ih*  particles  injected  from  llic  tail  coupled  with  radial  diffusion  as  an  accelerator  or  in¬ 
sit  u  acceleration  by  lum-adiubalie  means.  Knergelie  electrons  in  tl»c  inner  region  of  the, 
miter  magnetosphere  can  change. by  orders  of  magnitude  in  flux  level  over  periods  of 
less  than  a  day.  (See  Volte  ct  al.,  1979).  ’flic  situation  with  regard  to  protons  is 
somewlial  better. 

From  the  point  of  view  of  11k*  user,  the  primary  ureas  of  interest  arc  tlie 
variability  of  the  energetic  electron  fluxes  mid  tlie  access  of  sohir  protons.  Solar 
ja-otons  do  not  constitute  n  significant  [Kirtion  of  tlu*  «k»sc  to  u  spacecraft  for  u  long 
term  mission  except  for  interplanetary  missions.  However,  for  slwrl  periods,  they  can 
constitute  a  sizeable  portion  of  the  dose-rate.  The  predictive  capability  which  is 
needed  in  this  area  is  the  following:  Given  a  solar  flare  on  the  sun,  predict  the  fluuiicc 
and  spectrum  ns  a  function  of  time  and  I,  within  tin*  magnetosphere.  A  ttosired  goal  is 
the  capability  to  predict  tlie  flare,  itself,  from  tla:  features  tat  the  suit  and  the  sun’s 


immediate  past  behavior.  Iloth  of  these  predictive  capabilities  may  still  lie  far  in  the 
future.  However,  an  immediate  goat  should  In*  to  obtain  sufficient  understanding  of  the 
physics  of  the  entry  process  to  he  able  to  perf:rm  tin*  first  staled  prediction  once  a 
measurement  of  the  proton  flux  has  tieni  made  in  int«  rphmctary  spaee  tmtweeii  the 
earth  and  the  sun.  At  the  present  time,  even  this  capability  ilocs  not  exist.  Our  present 
knowledge  extends  only  to  entry  into  the  |>olar  caps  and  entry  to  the  synchronous 
altitudcf  Even  that  capability  is  uncertain. 

To  obtain  the  physical  understanding,  .we  need  more  analysis  of  tin:  data  that  lias 
been  obtained  which  can  address  the  topic  (such  as  the  Explorer  45  data  base)  and  we 
need  n  properly  instrumented  satellite  which  covers  tlie  I.  range  from  :$  or  3.5  to  at 
least  8.  ‘  Pitch  angle  distribution  data  are  required  in  or*lor  to  determine  the  off- 
oquatorial  progression  for  solar  proton  flux  injections. 

*2.2  The  Requirements  for  Modeling  and  Prediction  of  (•comagnctic  Storms 

Tlte  importanee  of  le:n|>oral  variations  in  tin*  tr.-ijij>ed  electron  |x>pul:ition  in  the 
slot  and  outer  zone  regions  is  qualitatively  well  known.  In  assessing  the  qualitative 
consequences  of  this  on  tiic  modeling,  forecasting,  ami  user  communities,  it  is 
iut|H)rtant  to  be  as  restrictive  as  possible  by  focusing  on  user  requirements  in  order  to 
avoid  unnecessary  activity  in  the  modeling  and  forecasting  fields.  U  is  now  recognized 
licit  there  arc  regions  of  the  radiation  /antes  in  which  tlie  time  scale  of  teinpor.'il 
variations  is  of  tlte  same  order  as  tlte  mission  duration.  As  a  result,  missions  which 
accumulate  a  significant  flux  contribution  from  tlieso  regions  are  not  welt  served  by  tin* 
present  generation  of  trapjK'd  electron  models  which  contain  time  averaged  representa¬ 
tions  of  tlte  particle  population.  In  this  role  we  focus  on  two  sample  missions  in  this 
category  (noting  that  others  exist)  for  which  the  requirements  on  tlie  modeling  and 
forecasting  communities  tire  radically  different,  partly  on  pragmatic  grounds  uml  partly 
as  a  result  of  differing  user  needs.  The  first  Is  tin*  normal  mission  analysis  activity 
several  years  !»ofore  launch,  which  is  performed  to  jircdiet  the  radiation  environment. 
Tlte  second  is  EVA  activity  performed  in  association  with  man’s  presence  at  syncltronotis 
altitude. 

In  tin*  first  case,  missions  spending  significant  little  in  the  I.  region  of  3  to  a  may 
encounter  an  average  flux  over  a  3-6  month  period  different  by  a  factor  of  4  or  5  from 
tlie  flux  ’predicted1  by  a  model  developed  with  the  current  technique  of  time  averaging 
tlie  data.  The  occurrence  or  lack  of  a  storm  event  and  tlie  event  size  arc  tlie  deciding 
factors  .  All  that  is  positively  known  at  tlte  present  time  is  that  the  mission  lias  Jteen 
shielded  for  a  situation  that  is  cither  unduly  pessimistic  or  optimistic.  The  solution  is 
to  account  for  tlie  effects  of  itKlividital  events,  lull  to  what  extent?  it  is  clear  from 
the  working  group  sessions  that  it  is  impractical  to  try  to  predict  the  occurrence  of  :i 
single  event  in  a  given  3-6  mouth  period  with  u  lead  time  of  years.  U  is  questionable 
whether  this  can  even  be  done  meaningfully  (i.e.  quantitatively)  with  a  lead  time  of 
hours  (llighic  et  nl.  197D),  hence  for  the  long-term  planners  tlie  question  of  prediction 
may  lx*  moot,  litis,  however,  «loes  not  mean  tlmt  design  sltould  occur  with  respect  to  a 
worst  case  situation.  As  a  realistic  objective  it  sltould  l*e  (mssilde  to  achieve  two 
situations:  l)  given  rapid  access  to  a  ground  based  umgnetic  index  (Dsl?)  to  infer  tiwr 
peak  storm  flux  to  within  a  factor  of  2-3  at  any  given  l.  and  tlie  lime  of  occurrence  of 
the  peak  flux,  and  2)  by  modeling  tlie  depletion  phase  of  tlte  storm  to  <ktveloj>  tlie  lime 
history  of  tlte  flux  at  the  satellite.  This  may  be  practical  without  an  overwhelming 
modeling  uctivily;  however,  does  it  have  value  to  tlx*  mission  pLitiner?  In  some  respects 
tlx*  answer  may  lx?  no.  The  mission  planner  may  require  n  iimhIcI  which  can  provide  tlie 


probability  of  occurrence  of  ati  event  of  given  size  in  tin*  mission  period  (not  necessarily 
an  cusy  task  for  modelers  because  of  the  number  of  observations  -  presently  7-10)  and 
the  event  integrated  flux  resulting  from  the  event.  No  |xr  event  |>re(lietion  is  involved 
jier  sc.  In  some  respects  the  answer  to  the  question  may  Ikj  yes.  ir  the  altoye  nominal 
radiation  environment  is  assessed  the  nominal  lifetime  could  lie  prcdictively  updated  in 
the  event  that  a  magnetic  storm  occurs;  i.c.,  one  could  predict  the  demise  of-  the 
mission.  This  implies  a  more  rapid  response  from  the  modelers  or  tlie  model  users  tiiuu 
presently  exists.  Further  the  value  of  tins  prediction  to  a  military  application  is 
quest  ionublc  unless  a  rapid  launch  enjwibilily  exists. 


In  the  second  application,  KVA  activity  at  synchronous  altitude,  the  role  of 
prediction  is  a  little  clearer.  The  present  generation  of  time-avernged  models 
indicates  that  an  KVA  activity  with  gm/ciii  A1  shielding  (equivalent  of  the  uveriige 
space  suit)  reaches  the  currently  valid  mission  radiation  limit  for  a  Dll-day  skin  <k>se  of 
105  It  KM  (about  81  rads  Al)  after  only  1.35  hours  of  cumulative  exposure.  At  Utc  same 
time  it  is  known  that  several  orders  of  magnitude  excursions  of  ttic  flux  occur  around 
the  averuge.  The  implications  of  a  positive  excursion  arc  severe.  'Hie  corollary  is  tliat 
tlie  negative  excursions,  which  persist  for  periods  sufficient  for  individual  KVA  activity, 
have  great  potential.  For  this  application  ideally  one  needs  to  predict  tlie  onset  and 
duration  of  a  quiet  period  with  sufficient  lead  time  for  scheduling  KVA  activity. 
Predicting  the  onset  is  practical  and  involves  the  definition  of  the  depletion  phase  of  u 
previously  occurring  storm.  Prediction  of  duration  may  not  be  feasible  explicitly. 
However,  the  working  group  on  energetic  particles  has  investigated  the  sliort-tcrm 
prediction  of  the  onset  of  a  storm.  If  tills  is  feasible,  the  appropriate  question  is  the 
loud  time  of  the  prediction  and  the  relationship  to  the  time  required  for  tlie  KVA 
operator  to  reach  shelter.  Note  Unit  tlie  prediction  of  flu;  magnitude  of  tlie  fxitentiul 
event  is  relatively  miiniiiortant  since  shelter  must  la*  sought  irrespectively.  However, 
the  magnitude  of  the  event  would  relute  to  tlie  prediction  of  the  onset  of  a  quiet  period. 
For  large  solar  arrays  several  km  in  dimension  the  transit  time  to  reach  shelter  may  lx.* 
several  hours.  Prediction  of  onset  with  this  much  lead  time  seems  to  he  difficult.  For 
large  structures,  transporters  more  heavily  shielded  tlutn  suits  inay  be  required  to 
circumvent  the  problem. 


Tlie  above  applications  relate  to  total  dose.  1-or  rate  dependent  problems  it  may 
be  possible  to  provide  sufficient  prediction  time  to  influence  operational  sclicduling  in  a 
meuiiingful  way.  As  with  tlie  KVA  activity,  prediction  of  onset  of  a  certain  rate  may 
not  be  possible  with  sufficient  lead  time  for  sclieduling.  However,  a  sufficient 
prediction  of  tlie  time  for  tlie  flux  to  return  to  a  rate  commensurate  with  equipment 
operation  could  be  provided. 

Almost  nit  of  the  applications  discussed  nbove  involve  not  only  a  predictive 
capability  but  ulso  the  ability  within  the  modeling  community  to  generate  model  fluxes 
on  short  notice.  A  new  generation  of  model  service  is  required  in  which  models  with 
some  pcr-ovcnl  flux  capability  arc  on-line  on  a  computer  with  close  operational  links  to 
both  tlie  mission  project  offices  and  the  organizations  generating  tlie  parameters  to  be 
used  for  prediction. 


Again,  almost  all  of  the  above  applications  require  a  knowledge  of  not  only  the 
flux  at  a  given  point  in  time  but  also  at  a  given  point  in  space.  The  present  models  arc 
used  in  a  loeal-time-averaged  form  by  most  users  altltough  a  local  time  variation  is 
available.  The  shielding  community  should  investigate  the  use  of  the  various  L 
parameters  including  external  magnetic  field  effects  as  a  method  of  ordering  particle 
data  in  tlie  outer  zone,  eliminating  the  need  for  a  local  time  variable.  An  additional 
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benefit  would  be  tt  parameter  simplification  of  tlie  mmlels  m  a  spatial  sense.  It  is  noted 
Umt  this  general  (mint  lias  application  to  geosynctirun<Mts  KVA  activity  since.  nllhouph 
the  satellite  local  time  averages  on  n  daily  basis,  tla-  KVA  activity  of  several  iiours 
duration  may  have  a  significant  local  time  liias. 

2.3  I  jiergclie  Solar  Flare  Proton  i'rcdjriiotts 

The  integrated  flux  'Wiring  the  first  fi*ur  duvs  .ift*-r  tla*  August  |!I72  solar  tirutan 
event  exceeded  tin*  previous  I  !-ycnr  eyele  integrated  fbix.  |n  or«k  r  to  improve  on  the 
aldlity  to  predict  the  occurrence  of  these  anomalously  large  (Al.)  events,  it  would  tie 
advantageous  to  investigate  wliethcr  their  occurrence  correlates  to  nny  solar  parameter 
or  other  observable  solar  iihcnomcmm  .1 r  event,  and  whcllicr  reliulilc  precursor 
conditions  can  be  established,  of  the  ordtT  of  hours-toilays,  to  lie  used  for  medic?  :y.. 
jHirposes  of  Al.  events.  * 

TIk-  calculation  of  event  integrated  nniiual  totals  of  unaltcnualed.  intcrnlanct.rv 
solar  flare  proton  fluxes  at  I  AU  for  energies  greater  than  10.  3t».  and  GO  MeV  from 
measurements  obtained  by  tla*  IMP  scrip's  of  satellite,  .lemonstratnl  that  tlicse  mtL.1 
totals  do  not  correlate  well  with  suns|tot  numbers,  it  may  be  useful  10  investigate 
whether  tlie  actual  occurrence  of  solar  flare  (irotons  at  1  AU  nuiv  he  more  rcliublv  ami 
accurately  correlated  to  some  solar  parameter  or  jihenonimon  otlicr  than  sunspot 
numbers.  ~ 

Finally,  penetration  of  solar  flan*  particles  into  (tie  maguclrailtcrr  needs  to  Ite 
ccm^nv.f,„  vmw  of  the  following  fuels:  a)  local  time  variations  of  geomagnetic 
cutoff  tatitiale  are  alxait  3-4  degrees.  ami  h)  storm  rff.vis  cm.  H»m-c  liaise  laUiudes 
liy  up  to  aland  2-1  ik'grccs.  These  two  variations  arc  mkiitive.  Ki<mfitv  and 
geomagnetic  shielding  evaluations  slaoikl  take  l!»esc  variations  ini,,**  m^nuid 
Preliminary  estimates  imlicat.:  tliat  very  significant  .kff.Tcarre  in  cxinemre  values  maJ 
result  from  Uus  imimivcmcnt.  " 

2.4  Time  Variations 

For  (imposes  of  long-range  mission  planning  (c.g.  vnrialde  crew  station  periods, 
etc.),  it  may  be  useful  to  know  wlicther  a  significant  (  ^  factor  of  3)  variation  in  the 
environment  of  critical  duration  (critical  -  30  to  CO  .lay  duration  or  periodicity)  cm  be 
established,  m  «>r.kT  to  bri,»g  crew  schedule?  into  phase  with  phenomena. 

This  is  (irvsiUtly  m*t  jxKsihlc  since  these  variations,  which  may  tic  lanre  aooear  to 
llowevcr,  eorrelatam  with.  for  instance,  fast  solar  s'lremas  mliypruvalc 
a  meHvtnisai  for  prcdictuais.  Decay  is  mi  important  factor.  Significant  work  is 
re»nnre*!  111  this  .ureii.  l* 


3.  USIIK  UKtjUWIIMKNTSDF  Stll.All-TKllKKSTKIAI.  I’KFWmONS 
FOI1  SPACKCKAFT  APPLICATIONS:  PLASMA 

Prepared  ly  tlx*  Plasma  Stdigroups  II.  It.  Carrett,  flmirawn,  J.  Sr«iga,  ami  A.  VamjwL. 

In  the  last  rew  years  an  increasing  emphasis  has  been  placed  on  interaction 
Iwlween  tla*  low  energy  CIO  cV  -  100  kcV)  near-earth  plasma  environment  and  since 
systems.  In  (xiraliel  with  this  growth  in  emphasis  fins  Ikvii  a  Mitl  fur  jxvdictioos  of  tlie 


low  energy  plasma.  As  discussed  in  the  review  |»y  (Janvtt  (1979)  these  predictions  are 
nccessury  been  use  of  the  effects  of  n  mimiwr  of  interactions.  The  IMasmn  Subgroup  bus 
attempted  to  summarize  these  interactions  and  identify  the  idealized  parameters 
needed  to  understand  and  predict  these  interact  ions. 

3.1  basis  of  Requirements 

The  number  of  known  interaction  mechanisms  between  the  low-energy  plusma 
environment  and  space  systems  has  steadily  grown.  Ranging  from  the  effects  of  static 
charge  buildup  on  satellites  to  the  effect's  of  argon  beams  on  the  plasmusphcre,  these 
interactions  all  have  in  common  the  necessity  of  knowing  the  distribution  function  of 
the  ambient  environment  and  how  it  evolves  in  time.  The  plasma  subgroup  has  reduced 
the  many  interactions  down  to  two  primary  types  of  effects.  The  primary  effects  and 
the  specific  aspects  of  the  distribution  function  required  are  as  follows: 

1.  Spacecraft  charging  -  the  process  of  charge  buildup  on  spacecraft  is  not 
completely  understood  (specifically  the  arcing  process  and  the  plasma  environment-  arc 
not  predictable  at  all).  As  a  result,  detailed  knowledge  of  the  distribution  functions  and 
composition  as  functions  of  time  and  position  should  be  acquired  until  tiie  critical 
parameters  are  identified.  As  discussed  in  (iarrett ( 1979)  and  < Jarrell  ot  al.  (1979), 
however,  the  charging  models  at  present  require  only  the  electron  and  ion  currents  and 
electron  temperature.  These  quantities  can  be  estimated  cither  by  statistical  tables  or 
by  A  .  The  detailed  models  of  the  environment  will  be  required  if  any  improvements 
are  tb  be  realized  over  these  present  models.  It  should  be  emphasized  that  in  addition 
to  the  need  to  model  the  large  scale  plasma  distributions  within  the  magnetosphere,  it 
is  also  essential  to  understand  and  to  model  the  smaller  scale  characteristics  of  the  hot 
plasmas  (Johnson  el  al.,  11)77).  For  example,  the  charge  distribution  on  a  spacecraft 
could  be  greatly  influenced  by  the  highly  anisotropic  field-aligned  electron  and  ion 
fluxes  frequently  observed  a.  a  plasma  feature  at  geosynchronous  altitude  (Mcllwaiu, 
1973)  and  at  tower  attitudes  over  a  wide  range  of  l.-shclls  aiyl  local  times  (Johnson  et 
a!.,  11)77).  Also,  the  ionospheric  eom|K>nents  (O  and  II  )  which  arc  sometimes 
dominant  in  the  hot  plasmas  can  he  highly  structured  spatially  and/or  temporarily  (doiss 
et  al..  11*71*). 

2.  Contaminants  -  calculation  of  the  deposition  of  ionized  contaminants  on 
spacecraft  requires  knowledge  of  the  ambient  particle  distribution  to  determine  not 
only  the  charging  on  satellite  surfaces  to  which  contaminants  arc  attracted,  but  also 
the  rate  of  ionization  (Cauffman,  11)73).  The  related  problem  of  contaminant  cloud 
propagation  in  the  ptasmasphere  and  magnetosphere  (Chiu  et  al.,  1979)  requires  detailed 
knowledge  of  the  ambient  population  and,  in  order  to  estimate  the  evolution  of  the 
contaminants,  the  electric  and  magnetic  fields  -  parameters  dependent  on  geomagnetic 
activity. 

The  user  groups  can  likewise  be  divided  into  two  basic  groups.  The  first  group 
consists  of  the  designers  who  arc  primarily  interested  in  the  specification  of  the  space 
environment.  Not  only  are  they  interested  in  specifying  the  geophysical  environment 
before  building  a  system  in  order  to  protect  it  from  the  above  effects,  but,  as  is  often 
the  case,  also  the  specification  of  the  environment  for  the  purpose  of  investigating 
anomalies  resulting  from  them.  The  second  group  is  composed  of  forecasters  -  those 
who  must  predict  when  the  anomalies  may  occur.  This  latter  group  is  interested  in  two 
time  periods.  First,  there  is  long-term  prediction  of  3  years  or  more  for  mission 
planning,  rind  second,  there  arc  short-term  (24  hour  to  t  year)  predictions.  This  last 
group  is  of  most  concern  to  this  conference.  Specific  questions  to  be  answered 
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j  e:  a)  How  long  will  the  plasma  event  last?  b)  Wlwt  are  the  characteristics 
(composition,  energy,  and  angular  distributions,  etc.)  of  the  event?  c)  What  effects 
wi •;  the  event  have  on  a  particular  system? 

3.2  Requirements 

From  the  preceding  descriptions  of  interaction  phenomena  and  of  the  user  groups 
and  required  time  scales,  we  believe  it  is  evident  the  plasma  distribution  function  and 
its  evolution  in  time  (or  equivalently  the  electric  and  magnetic  fields)  arc  required  in 
greut  detail  -  detail  that  is  clearly  not  attainable  now  or  in  the  near  future.  Thus 
simplification  must  be  introduced.  These  are  primarily  reui-time  (either  in-situ  or  from 
solar  wind  parameters)  estimates  of  the  environment  and/or  detailed  statistical  models 
of  the  plasma  distribution  function  in  terms  of  predictable  parameters  such  us  A  .  It  is 
to  this  end  this  subgroup  recommends  current  efforts  be  directed.  Our  stfate  of 
knowledge  in  these  areas  is  evaluated  in  the  other  working  group  reports. 


4.  USER  REQUIREMENTS  OF  SOLAR-TERRESTRIAL  PREDICTIONS  FOR 
SPACECRAFT  APPLICATIONS:  NEUTRAL  ATMOSPHERE 

Prepared  by  Neutral  Atmosphere  Subgroup:  W.  A.  Vaughan,  Chairman,  R.  Altroek,  D. 
Hickman,  D.  Robbins,  and  J.  Slowey 

Orbital  altitude  total  density  and  constituent  number  density  variations  are  u 
direct  function  of  the  short-  and  long-term  fluctuations  in  solar  activity.  These 
variations  are  due  to  the  heuting  of  the  Earth's  upper  atmosphere  by  solar  rudiution  and 
energetic  particles.  The  importance  of  these  variations  is  found  in  the  requirement  for 
orbital  performance  capabilities  which  will  insure  design  lifetime,  definition  of  orbital 
dynamics  for  nonspherical  spacecraft,  assessment  of  lifetime  potential  for  spacecraft  in 
orbit,  and  scientific  experiments.  Estimates  of  short-  and  long-term  solar  activity 
levels  are  critical  inputs  to  these  calculations. 

4.1  Basis  of  Requirement 

While  there  is  a  variety  of  users  for  neutral  utmosphere  models,  we  believe  that 
their  needs  arc  reflected  by  the  requirements  of  those  using  the  models  for  orbital 
lifetime  calculations.  Therefore,  this  paper  focuses  on  orbital  lifetime  prediction 
requirements. 

A  semi-analytical  method  is  used  in  most  spacecraft  orbital  lifetime  prediction 
models  to  estimate  the  decuy  history  und  the  lifetime  of  a  near-Earth  orbiting 
spacecraft  perturbed  by  atmospheric  drag.  For  most  near-Earth  orbits  with  small 
eccentricity,  the  perturbations  due  to  other  forces  (i.e.,  solar-lunar  gravity  perturba¬ 
tions,  solar  radiation  pressure,  and  electromagnetic  effects)  arc  overshadowed  by  the 
effects  caused  by  uncertainties  in  the  calculation  of  atmospheric  drag.  For  this  reason, 
efforts  to  incorporate  additional  perturbing  forces  are  often  unwarranted.  The 
approach  used  to  estimate  the  orbital  decay  usually  udopts  a  combination  of  general  and 
special  perturbation  techniques  so  that  the  analysis  preserves  sufficient  rigor  to  insure 
accuracy  and  adequate  numerical  emphasis  to  include  a  rather  sophisticated 
atmospheric  density  model  in  an  efficient  simulation.  Basically,  the  procedure  is  to 
extend  a  system  of  ordinary  differential  equations  for  a  set  of  well-defined  mean 
orbital  elements  which  describe  the  complete  motion  of  n  spacecraft  about  an  oblate 
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Hurt  It  to  include  numerically  the  drag  effect  due  to  a  rotating  atmosphere.  The 
program  is  designed  to  estimate,  with  reasonable  accuracy,  the  orbital,  decuy  history 
and  the  orbital  lifetimes  efficiently  and  quickly.  Figure  l  illustrates  the  principal 
inputs  and  components  of  a  spacecraft  orbital  lifetime  and  decay  prediction  procedure. 


Fig.  1.  Solar  Predictions  and  Spacecraft  Orbital  Lifetime 

A  major  difficulty  in  predicting  orbital  lifetimes  arises  because  the  future 
characteristics  of  the  atmospheric  density  are  not  deterministically  known.  This  makes 
it  necessary  to  specify  orbital  lifetimes  in  n  probabilistic  manner.  Comparisons  of 
predicted  spacecraft  decay  versus  actual  observed  decay  reveal  deviations  which  can  be 
attributed  to  an  inadequate  deterministic  atmospheric  model,  noisy  trucking  data,  or 
deviations  in  the  stochastic  variables  associated  with  the  lifetime  prediction  problem 
(i.e.,  ballistic  coefficient,  solar  flux,  and  geomagnetic  activity).  The  ballistic 
coefficient  is  a  function  of  the  spacecraft  mass,  drag  coefficient,  and  effective  cross 
section  area.  It  is  observed  to  vary  with  the  spacecraft  orientation  and  flight  region. 
In  addition,  predictions  of  the  solar  flux  and  geomagnetic  activity  values,  over  either 
short  or  long  periods  of  time,  are  available  only  in  terms  of  statistical  predictions  with 
significant  uncertainties. 

Straus  and  Hickman  (1979)  describe  the  ciiaractcristics  of  several  widely  used 
atmospheric  density  models  and  have  reviewed  studies  in  which  the  predictions  of  these 
models  luive  been  compared  with  observational  data.  They  also  assess  the  relative 
advantages  and  limitations  of  the  models  in  current  use.  They  conclude  that  models 
produced  prior  to  1970  were  developed  from  duta  bases  with  significant  limitations. 
The  overall  accuracy  of  the  recent  models  is  summarized  as  being,  on  the  average,  as 
good  as  the  measurements  of  atmospheric  density  and  composition.  This  is  evidenced 
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by  the  fact  tliat  some  measurements  have  a  mean  deviation  slightly  higher  while  other 
measurements  have  a  mean  deviation  slightly  lower  than  the  model  calculations.  We 
interpret  this  situation  as  being  due  to  systematic  instrumental  inaccuracies.  However, 
instantaneous  measurements  show  a  scatter  of  about  a  factor  of  two  compared  with  the 
model  calculations  of  atmospheric  parameters. 

The  upper  atmospheric  density  is  strongly  influenced  by  the  changing  levels  of 
solar  activity.  This,  in  turn,  directly  affects  the  spacecraft  drag  and  orbital  lifetime. 
It  is  the  ultraviolet  solar  radiation  that  heats  and  causes  structural  changes  in  the 
Earth's  upper  atmosphere.  One  component  of  this  radiation  relates  to  the  active 
regions  on  the  solar  disk  and  varies  from  day  to  day,  whereas  the  other  component 
relates  to  the  solar  disk  itself  and  varies  more  slowly  with  the  11-year  solar  cycle. 
Another  influence  on  atmospheric  density  is  due  to  energetic  particles  emitted  by  the 
sun  as  evidenced  in  the  solar  wind  number  density  and  velocity.  Those  energetic 
particles  are  ultimately  responsible  for  heating  the  Earth's  upper  atmosphere.  The 
atmosphere  reacts  differently  to  each  of  those  parameters  and  components  (NASA, 
1973  and  Jacchia,  1977). 

The  10.7  cm  solar  flux  is  generally  used  as  a  readily  available  index  of  solar 
ultraviolet  radiation.  It  also  consists  of  a  disk  component  and  an  active  region 
component.  When  the  10.7  cm  flux  increases,  there  is  an  increase  in  the  upper 
atmosphere  density.  For  a  given  increase  in  the  disk  component  of  the  10,7  cm  flux, 
however,  the  density  increases  much  more  than  for  the  same  increase  in  the  active 
region  component.  For  all  practical  purposes  the  active  region  component  is  linearly 
related  to  the  daily  10.7  cm  flux  and  the  disk  component  to  the  10.7  cm  flux  averaged 
over  a  few  solar  rotations  (e.g.,  six  is  used  by  Jacchia  (1977)).  The  planetary 
geomagnetic  index  is  generally  used  as  a  measure  of  the  energetic  particle  heating. 
When  the  geomagnetic  index  varies  we  observe  a  density  variation  with  a  time  lag  of 
about  3  to  8  hours  depending  upon  latitude. 

An  error,  for  example,  of  +  30  percent  in  the  prediction  of  the  maximum  in  the 
mean  10.7  cm  flux  during  the  ascending  slope  of  the  solar  cycle,  for  a  spacecraft  at 
approximately  400  km  altitude  and  having  a  nominal  predicted  lifetime  of  approximate¬ 
ly  20  months,  produces  a  decrease  in  the  lifetime  of  approximately  30  percent.  While 
this  linear  error  relationship  does  not  hold  for  uli  combinations  of  variations  in  solar 
activity,  orbital  altitudes,  and  ballistic  factors,  the  example  does  illustrate  the 
importance  in  the  development  of  either  a  deterministic  long-term  solar  activity 
prediction  procedure  or  a  statistical  procedure  with  much  closer  confidence  (error) 
bounds  than  now  exists. 

4.2  Requirements  For  Solar  Activity  Predictions 

There  exists  a  critical  need  for  more  accurate  predictions  of  short-  and  long-term 
solar  activity  to  use  in  atmospheric  density  models.  This  will  be  required  not  only  for 
the  monitoring  and  accurate  estimation  of  the  orbital  lifetime  and  decay  for  the  large 
numbers  of  spacecraft  and  "jUnk"  now  in  orbit  but  for  the  more  economical  und 
efficient  estimation  of  future  spacecraft  missions,  especially  in  the  near-Earth  orbital 
environment.  The  expected  future  state  of  the  upper  atmosphere  plays  an  important 
part  in  the  decisions  associated  with  spacecraft  missions.  The  critical  dependence  on 
solar  activity  predictions  can  easily  be  seen  by  looking  at  the  flow  chart  shown  in 
Figure  1. 

That  a  neutral  atmosphere  model  must  be  accurate  is  obvious.  Less  obvious  is 
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Jtow  the  accuracy  is  to  bo  characterized  tor  a  part icul.tr  use.  A  perfect  description  of 
the  atmosphere  is  the  idea!,  but  some  kimls  of  inaeeuruei*\s  arc  unimportant  for  specific 
applications.  A  spacecraft  designer  who  is  required  to  provide  ati  orbital  altitude 
capability  for  a  two  year  lifetime  may  bo  quite  satisfied  with  a  model  output  having  the 
correct  mean  value  when  averaged  over  a  month's  time  span  even  if  the  errors  averaged 
over  a  single  orbit  are  quite  large.  On  the  other  bond,  a  tracking  station  operator  or 
mission  monitor  concerned  with  spacecraft  decay  within  a  few  days  or  weeks  may 
attach  no  importance  at  all  to  the  long-term  mean  behavior  of  the  atmosphere  if  the 
model  output  can  accurately  predict  ttic  short-term  variations. 

Current  neutral  atmosphere  models  employ  10.7  cm  flux  and  geomagnetic  index 
(A  or  k  )  as  heating  indicators  for  model  inputs.  The  solar-terrestrial  prediction 
iv^uiromfiits  to  meet  most  user  needs  are  given  in  Table  I. 

Table  1.  Solar-Terrestrial  prediction  requirements. 


\pproximalePredietion 

Period 

Critical 

Parameter 

Accuracy 

Resolution 

Frequency 
of  Update 

Very  Short-Term  (■  1  mol 

p 

10.7 

5**0 

0  solar  rotations 

Weekly 

1  10.7 

5*V» 

Day 

Daily 

V 

5% 

Day 

Daily 

Short-Term  (1-2  mo) 

*  10,7 

5'V, 

0  solar  rotations 

Monthly 

1  10.7 

ft*’.. 

Day 

Weekly 

V 

f*% 

Week 

Weekly 

l.ong-Term  (  ;  .1  mo) 

p 

10.7 

10% 

f»  solar  rotations 

Quarterly 

1  10.7 

10% 

Week 

Monthly 

•V 

107. 

Quarter 

Quarterly 

Long-term  (  *  1  vr) 

*  10.7 

10  V. 

l»  solar  rotations 

Yearly 

.  \ 

10% 

Year 

Yearly 

Very  Long  Term  (1-2  cycles)  1-  ? 

1 0% 

f>  solar  rotations 

Start  .V 

Peak  of  Cycle 

•\ 

1> 

10% 

Year 

Start  <Y 

Peak  of  Cycle 

Maximum  and  Minimum  Values  of  Parameter  Plus  Dates  of  Maximum  and  Minimum 
Occurrence 

Why  is  it  that  neutral  atmosphere  models  do  not  do  a  bettor  job  of  predicting  orbital 
altitude  density  and  number  density  of  the  constituents?  A  very  major  part  of  the 
answer  lies  in  the  inaccurate  predictions  of  short-  and  long-term  solar  activity  and 
geomagnetic  index  values  used  as  inputs  in  the  models.  Part  of  the  answer  also  lies 
in  the  selection  of  para  ueters  to  characterize  conditions  of  the  orbital  neutral  atmo¬ 
sphere.  For  example,  the  amount  of  l;UV  heating  is  represented  by  the  10.7  cm  solar 
flux.  The  10.7  cm  flux  cannot  significantly  heat  the  atmosphere.  However,  it  lias 
been  established  that  there  is  a  reasonable  correlation  between  the  1--UV  flux  und  the 
10.7  cm  flux.  This  correlation  is  only  approximate  and  is  not  adequate  for  models 
yielding  high  accuracy.  However,  the  10.7  cm  flux  is  measured  regularly  und  hcncc  is 


readily  available.  A  similar  situation  exists  with  respect  to  the  energetic  particle 
heating  which  is  often  measured  by  the  gobmagnetie  index.  This  heating  is  rein  led  to 
disturbances  in  the  earth’s  magnetic  field,  hut  the  relationship  also  may  not  he  adequate 
for  high  accuracy  models. 

The  future  development  of  neutral  thermosplieric  models  capable  of  providing 
more  uceurate  predictions  depends  critically  on  replacing  such  indices  as  the  10.7  cm 
flux  and  A  with  new  parameters  based  more  closely  on  tin;  physical  quantities  which, 
affect  thepuppcr  atmosphere.  Such  new  parameters  must  directly  characterize  the 
I'V/EUV  flux  which  is  the  primary  source  of  energy  into  the  thermosphere  and  must 
indicate  the  thermospheric  heat  input  into  high  latitude  regions  caused  by  particle 
precipitation.  The  means  to  develop  these  new  parameters  is  available,  but  careful 
planning  of  future  missions  is  required  if  acquisition  of  adequate  information  is  to  be 
ensured. 
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The  exoat mospherie  solar  UV/EUV  flux  in  tlic  range  from  300 A  to  2000A  should  he 
monitored  to  determine  directly  the  major  thermospheric  heating.  The  precipitating 
particle  flux  (in  an  energy  range  from  a  few  hundred  eV  to  several  kcV)  can  l>e 
measured  from  low  altitude  polar  orbiting  satellites  as  is  being  done  on  TIKOS-N  and 
|)MSI*.  This  will  allow  a  quantitative  relationship  to  he  cstahlislied  relating,  atmo¬ 
spheric  resjHuise  to  high  latitude  heat  sources.  Filially,  in  or«ler  to  understand,  the 
precipitation  mechanisms,  solar  wind  density  and  velocity  sliouid  he  monitored  by 
sensors  sunward  of  the  magnetosphere.  The  response  of  tl»e  atmosphere  should:  ihc 
monitor  oil  by  density-  am!  composition-measuring  instruments  having  g«x>«l  resolution  in 
Imtli  time  and  space.  It  should  be  emphasized  that  if  unambiguous  interpretation  is  to 
he  made  of  the  results  of  these  measurements,  all  parameters  should  he  measured 
simultaneously. 

Tlic  measaiv.ii.eiits  which  must  bo  made  in  order  to  ensure  significant  improve¬ 
ment  in  neutral  density  and  com|>osition  models  for  tx'Uer  (Medietion  of  satellite  or! at 
evolution  arc  summarized  in  Table  2  and  it  is  strongly  recommended  by  this  Neutral 
Atmosphere  Subgroup  tbit  future  mission  plans  la*  made  to  ensure  simultaneously 
obtaining  all  of  these  significant  parameters. 

Table  2.  Measurements  required  for  development  of  significantly  improved  neutral 
density  models 

Parameter  to  Parameter  Location  of 

Ik*  measured  Uange _ Measurement _ Pujpose _ _ _ 


Solar  tlV/I-UI- 
Flux 


300  A-2000 A 


Alum*  *  200  km  Measure  primary  source  of 
energy  into  the  atmosphere 


Precipitating  l  ew  lumdre 

particle  flux  to  few  keV 

Solar  wind 
density,  velocity 

Atmospheric  density  — 
composition 


Few  hundred  eV  Low  earth  orbit 


(Polar) 

Sunward  of 
magnetosphere 

:?  130-800  km 


Measure  high  latitude  heat 
source  during  magnetic  storms 

Understand  precipitation 
mccliaiiisnis 

Determine  atmospheric 
ros|M>ns»:  to  energy- inputs 


Note:  For  unambiguous  understanding  of  observed  phenomena,  all  quantities  should  Ih* 
measured  simultaneously. 
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4.3  roneluding  llemnrk:- 

The  prediction  requirements  given  in  Tabl-  1  f‘«  • -•!..r  1(1.7  cm  fhiv  »ihI 
-oomagnotic  index  para  me  toes  are  based  on  first  hand  km-wled;*..-  and  *-xp.*t  <‘»ces  of  H 
neutral1  atmosphere  subgroup members  as  users,  consult  nits  to  users,  nttuosph.aic  a.oiiel 
developers,  scientists,  Experimenters,  and  predictors  of  solar  nativity  tomec 
user  needs  For  a  service  or  research  organi/ntum  ome.-rm-t.  with  m  interested  m 
trvina  to  meet  these  requirements  a  loijie.il  question  to  ..s U  ••••ueeii.s  h.,w  aenoit,  nr,- 
the  users.  \V, II  the  requirements  simply  fade  away  when  a  specific  user  is  chulhmged. 
Will  U, e-requirements  be  radically  relaxed  or  disappear  when  o„e  of  these  organizations 
savs  to  a  specific  user  -  give  us  the  funds  ami  we'll  embark  on  a  pro-rain  to  meet  these 
requirements?-  The  answer  improbably  yes  to. one  or  both  questions  but  the  ^jree 
depends  upon  how  eritieal  the  requirement  is  to  the  particular  project  lor  which  tin 
user  needs  the  predictions,  the  risks  he*  willing  to  take,  the  projects  schedule,  trade¬ 
offs  on  these  requirements  versus  other  project  requirements,  las  confidence  the 
proposal  will  produce  results  ho  can  apply  for  the  benefit  of  his  project,  and  the  eosts. 

Therefore,  these  requirements  nre  not  rigorous  for  all  users  tait  depend  upon  many 
factors  unique' to  each  user  and  his  immediate  | .reject  nee. Is.  For  example,  major 
decisions  are  made  on  spacecraft  orbital  altitudes  which  tliqmiid  on  tlie  current 
mnccurate  solar  activity  predictions.  In  some  cast's  this  results  in  less  than  desirable 
orbital  altitudes  relative  to  the  scientific  experimenter's  rcq-ireiiicnts,  higher  mission 
success  risks,  provisions  for  much  longer  lifetimes  than  needed  due  to  the  large  error 
bounds  on  the  orbital  altitudes  estimates  for  the  mission,  mid  milled  eosts  for  spacecraft 
instrumentation,  operational  capabilities  and  decay  monitoring  to  say  nothing  of  the 
embarrassment  which  results  when  an  expected  small  risk  spacecraft  lifetime  mission 
design  is  significantly  different  limn  expected  prior  1..  launch  or  the  spacecraft.  Hur- 
these  requirements  should  lie  taken  as  serious  candidates  for  technology  and  scientific 
research  program  sponsorship  by  responsible  service  and  research  organizations. 


USfU  KRJt'l*?  »:mi-NTS  OF  St)  1.  A  K  -TICK  It  FST  U I A I .  IMtl-UKTIONS  Foil 
SI*  At  MU*  It  A  FT  APPLICATIONS:  Kj;o<»^l\Vf-NO;VHONS 


The  following  constitutes  a  summary  of  the  ree.miimaidntions  contained  in  the 
previous  sections'’  It  is  separated  by  particle  type  to  conform  wili,  the  previous 
discussions.  A  warning:  For  an  operational  program,  the  cost  of  obtaining  and/or 
using  predictive  techniques  must  lie  less  than  tin*  cost  of  going  to  another  hardware  or 
mission  design  which  avoids  the  hazard. 

5.1  Energetic  Particles 

1.  -\  requirement  exists  for  a  predictive  technique  which  relates  some  solar  or 
geophysical  parameter  (such  as  solur  wind  speed  or  l>  )  to  acceleration  of  electrons  to 
liigh  energies  in  the  outer  magnetosphere.  Tim  required  output  is:  a)  bpatiul 
Distribution,  b)  Energy  Spectra,  ami  e)  Thix  Intensities. 

2.  liivcn  an  input  distribution  (spatial,  energy  spectrum,  flux, intensity)  of  energetic 
electrons  in  the  outer  magnetosphere,  a  model  is  needed  which  will  dctuil  the 
evolution  of  the  distribution. 


3.  Maimed  applications  require  a  short  term  i*n»  of  magnetic  storms  and 

substorms.  Purticlc  acceleration  and  plasma  injection  are  l>ot|i  major  concerns. 

4.  A  'Disturbance  Model'  for  prediction  of  fins  fiiliaiicements  due  to  solar  or 
mngiiotosphcric  activity  is  required.  It  should  liave  two  forms:  a  typical  storm,  mid  a 
macro  storm. 

5.  A  requirement  for  synoptic  measurements  of  solar  wind  parameters  to  predict 
intermediate  term  (30-GO  days)  averages  of  fluxes  at  synchronous  altitudes  exists. 

G.  A  model  which  calculates  the  lurJoning  of  electron  energy  sjieelra  in  response  to 
rapid  diffusion  caused  by  field-line  loading  is  desired. 

7.  Current  methods  take  several  days  to  calculate  the  environment  and  <k>se  for  u 
new  orbit.  This  must  be  shortened. 

8.  The  long  lead  time  (typically  several  years  minimum)  to  get  new  tlata  into  u  data 
base  for  modeling  purposes  must  be  shortened. 

5.2  Solar  Flare  Protons 

t.  A  predictive  technique  must  be  developed  which  will  warn  of  anomalously  large 
events  (e.g.,  August  1372)  hours  or  days  in  advance.  Identification  of  prt?cursors  is  the 
most  probable  method. 

2.  An  accurate  prediction  of  solar  proton  events  based  on  solar  parameters  should  be 
developed.  It  should  give  order-of-magnitudo  or  bettor  definition  of  the  intensities 
and  energy  spectra.  Timing  is  of  concern. 

3.  t liven  an  event  on  the  sun,  predict  the  evolution  of  an  event  from  solar  or 
interplanetary  para  meters. 

4.  Models  of  solar  proton  entry  into  the  magnetosphere  which  include  local-time  and 
magnetic  storm  effects  in  rigidity  calculations  should  In*  dcvelojmd. 

5.  Determine  the  solar  parameters  which  correlate  well  with  the  minimi  integrated 
tlucnccs  of  unattenuated  interplanetary  protons  with  energies  nltovc  10,  30,  mid  GO 
McV,  since  sunspot  numbers  do  not. 

5.3  Plasma 

1.  A  statistical  model  of  the  ambient  low-oncrgy  plasma  is  required,  (i.c., 
percentages  of  time  certain  conditions  will  be  encountered). 

2.  A  three-dimensional  model  of  magnetospheric  plasma  distribution  is  needed. 

3.  Verification  of  plasma  drift  theories  and  understanding  of  the  processes  which 
energize  ionospheric  ions  and  inject  them  into  the  magnetosphere  is  required  in  order 
to  detail  the  evolution  of  the  hot  plasma  distribution. 

4.  Kxpunded  real-time  measurements  (in  longitude  and  altitude)  are  desired  for 
predictions  for  operational  programs. 
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5.  A  hotter  understanding  of  suhstorms  anil  their  plasma  effects  is  required  in  order 
to  ultimately  produce  predictive  techniques. 


i*.  Measurements  of  iuterjilanelary  particles  ami  field-,  me  desired  to  assist  research 
into  predictive  techniques. 


5.4  Neutral  Atmosphere 

1.  Continuing  synoptic  ohservntions  of  the  Ottawa  I  ll.7  nil  flux  index  and  the  A 
geo  magnetic  index  are  required.  (Details  of  the  frequency  and  accuracy  of  ufvdntinH 
are  given  in  Table  l. 

2.  In  order  to  develop  better  predictive  models  of  the  atmosphere,  11k*  following 
parameters  should  Ik-  measured  simultaneously:  a)  Solar  UV/l-llV  aliovc  20(1  km;  b) 
Precipitating  par.iele  flux:  e)  Solar  wind  density  and  velocity  sunward  of  the 
magnetosphere;  d)  Atmospheric  density  and  oonqtnsition  m-tween  13U  and  800  km. 


It.  MINORITY  UIU'OKT 
A.  I..  Yant|M>la 


The  following  recommendation  was  considered  t*v  the  working  group  IhiI  whs  nut 
formally  accepted.  It  is  included  here  because  of  the  enthusiasm  with  which  it  was 
received  by  same  participants  in  some  of  the  other  gr«»ups  and  la-cause  an  essentially 
identical  recommendation  was  offered  for  the  group's  consideration  by  a  modeler. 


Recommendation:  flint  a  centralized  catalog  «*f  ’State  of  tin:  Art’  models  and 
predictive  techniques  i:i  solar-terrestrial  phenomena  1m*  established  an<l  maintained  by 
one  of  the  prediction  or  data  archival  service  agencies  (such  as  SgSt:,  WD»!-A,  «»r 
A1V.V.V). 


The  rationale  behind  this  recommendation  is  tliat  tin*  ’Corjmrnte  Memory*  in 
spacecraft  engineering  seems  to  reside  in  old  proposals  ami  contract  .specifications. 
The  normal  evolution  of  an  engineering  career  is  to  1m*cohic  part  of  niiiiiagement  after 
a  nuaiticr  of  years  of  design  engineering.  Tcclmologies  ttcconie  utisoletc  and  so  do 
models  and  predictive  technique's.  A  new  engineer  is  usually  forced  to  rely  on 
documents  inherited  from  the  previous  occupant  of  bis  ’slut*  w!h»  Iuis  moved  on  end  is 
m*  longer  keeping  track  of  the  minutiae  of  his  previous  position.  As  a  result,  it  is  not 
uncommon  to  see  models  or  predictive  techniques  written  into  contracts  ten  or  more 
years  after  they  have  tnva  supplanted. 

I t.V  having  a  central  catalog  f*)T  these  technique*'/ models,  tin*  latest  version  would 
be  readily  identified  by  potential  users.  It  would  Ik*  incumbent  upon  the*  modelers, 
tin  •mselves,  to  ensure  that  the  latest  versions  of  their  works  were  listed  in  the  catalog. 
Distribution  of  computer  programs  or  large  data  bases  required  by  some  models  would 
continue  as  at  present:  through  direct  contact  lieUvcni  the  user  mid  the  modeler.  In 
the  ease  of  substantial  changes  in  modeling  or  predictive  techniques,  some  interna¬ 
tional  group  (similar  to  the  present  workshop  or  established  single  interest  scientific 
bodies!  could  make  the  decision  to  abandon  one  model  or  technique  and  supplant  it 
with  another  in  the  catalog. 
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